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(57) ABSTRACT

There is a provided a system and a computer-implemented
method for reducing electric consumption by an electric
vehicle connected to a charging station. The method includes:
providing a wireless network for communication between an
electric vehicle and a tracking server operated by a trusted
entity; collecting, on the tracking server, user and location
information for charging electric vehicles (EVs); receiving, at
the tracking server, a demand response signal comprising
consumption reduction information including sector and time
period information from a utility; identifying, at the tracking
server, electric vehicles charging in the sector based on each
EV’s location information; and transmitting, from the track-
ing server, a charge interruption signal to the identified elec-
tric vehicles.
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1
METHOD FOR PRECISE DEMAND
RESPONSE AND CONTROL, AND A SYSTEM
THEREOF

BACKGROUND

1. Field

The present disclosure generally relates to improving elec-
tric grid stabilization by leveraging telematics capabilities on
the grid and an Electric Vehicle (EV) to send a Demand
Response (DR) signal to the EV to offset grid load concerns
in a sector, where the DR signal is based on real-time, his-
torical, and/or predictive models of electricity. A method and
a system for reducing electricity consumption during a period
of grid load concerns are disclosed.

2. Description of the Background

Currently, when a utility detects or predicts an overload
situation, they request for volunteers to reduce their electric-
ity usage by sending a Demand Response (DR) signal to all
consumers including consumers charging an Electric Vehicle
(EV). However, as the quantity of electric vehicles increases
and more facilities to publicly charge an EV become avail-
able, there is a need to more precisely control the sending of
the DR request signal.

Also, the sector or region for a facility where the EV is
charging may be different than a home charging sector. A
home charging sector is where the EV is usually based and
charged. A DR signal sent without considering the current
charging location of the EV may misidentify EVs not in their
home charging sector, and send incorrect DR signal requests.
Additionally, EVs are adapted to charge at various facilities
that may not be owned or operated by the vehicle user. By
charging at public facilities, an entity other than the vehicle
user may make the decision on whether to comply with the
DR request. Without a reliable method to identify and com-
municate with the EV user, this decision may adversely affect
the needs of the EV user. As the quantity of EVs, public
charging facilities and the EVs range increases, there is a need
to more precisely control the sending of the DR request signal
by identifying EVs, their quantity and locations of the EVs.

SUMMARY

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the disclosure as claimed.

According to exemplary embodiments, there is provided a
computer-implemented method for a computer-implemented
method for reducing electric consumption by an electric
vehicle connected to a charging station. The method includes:
providing a wireless network for communication between an
electric vehicle and a tracking server operated by a trusted
entity; collecting, on the tracking server, user and location
information for charging electric vehicles (EVs); receiving, at
the tracking server, a demand response signal comprising
consumption reduction information including sector and time
period information from a utility; identifying, at the tracking
server, electric vehicles charging in the sector based on each
EV’s location information; and transmitting, from the track-
ing server, a charge interruption signal to the identified elec-
tric vehicles.

According to exemplary embodiments, there is provided a
vehicle system reducing electric consumption by an electric
vehicle connected to a charging station. The system includes:
a tracking server operated by a trusted entity; and a wireless
network for communicating between an electric vehicle and
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the tracking server. The tracking server is configured to col-
lect user and location information for charging electric
vehicles (EVs); receive a demand response signal comprising
consumption reduction information including sector and time
period information from a utility; identify electric vehicles
charging in the sector based on each EV’s location informa-
tion; and transmit a charge interruption signal to the identified
electric vehicles.

Additional features of the invention will be set forth in the
description that follows, and in part will be apparent from the
description, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the disclosure and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the disclosure, and together with the descrip-
tion serve to explain the principles of the disclosure. A data-
flow diagram is an abstract representation of information
flowing in and out of the system and from place to place
within the system, and where it may be operated upon by
different elements of the system. Different elements may be
operated on by modules or processes within the system, and
data from these modules may flow to another module.

FIG. 1 illustrates a typical vehicle communication environ-
ment in accordance with one embodiment of the present
application.

FIG. 2 illustrates a typical telematics-navigation device in
accordance with one embodiment of the present application.

FIG. 3 illustrates a typical charging unit in accordance with
one embodiment of the present application.

FIG. 4 illustrates a typical tracking server in accordance
with one embodiment of the present application.

FIG. 5 illustrates a flowchart for a method for sending a
Demand Response (DR) signal to an Electric Vehicle (EV) in
accordance with one embodiment of the present application.

DESCRIPTION

The disclosure is described more fully hereinafter with
reference to the accompanying drawings, in which exemplary
embodiments of the disclosure are shown. This disclosure
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these exemplary embodiments are pro-
vided so that this disclosure is thorough, and will fully convey
the scope of the disclosure to those skilled in the art. It will be
understood that for the purposes of this disclosure, “at least
one of X,Y, and Z”” may be construed as X only, Y only, Z only,
or any combination of two or more items X, Y, and Z (e.g.,
XYZ,X7Z,XYY,YZ, Z7). Throughout the drawings and the
detailed description, unless otherwise described, the same
drawing reference numerals are understood to refer to the
same elements, features, and structures. The relative size and
depiction of these elements may be exaggerated for clarity.

The terminology used herein is for describing particular
embodiments only and is not intended to be limiting of the
present disclosure. As used herein, the singular forms “a,”
“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. Further-
more, the use of the terms a, an, etc. does not denote a
limitation of quantity, but rather denotes the presence of at
least one of the referenced item. The use of the terms “first,”
“second,” and the like does not imply any particular order, but
they are included to identify individual elements. Moreover,
the use of the terms first, second, etc. does not denote any
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order or importance, but rather the terms first, second, etc. are
used to distinguish one element from another. It will be fur-
ther understood that the terms “comprises” and/or “compris-
ing”, or “includes” and/or “including” when used in this
specification, specify the presence of stated features, regions,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, regions, integers, steps, operations, elements, com-
ponents, and/or groups thereof. Although some features may
be described with respect to individual exemplary embodi-
ments, aspects need not be limited thereto such that features
from one or more exemplary embodiments may be combin-
able with other features from one or more exemplary embodi-
ments.

Some portions of the detailed description that follows are
presented in terms of algorithms and symbolic representa-
tions of operations on data bits within a computer memory.
These algorithmic descriptions and representations are used
by those skilled in the data processing arts to most convey the
substance of their work to others skilled in the art. Here, and
generally, an algorithm is conceived to be a self-consistent
sequence of steps (instructions) leading to a desired result.
The steps are those requiring physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical, magnetic or optical
signals capable of being stored, transferred, combined, com-
pared and otherwise manipulated. It is convenient at times,
principally for reasons of common usage, to refer to these
signals as bits, values, elements, symbols, characters, terms,
numbers, or the like. Furthermore, it is also convenient at
times, to refer to certain arrangements of steps requiring
physical manipulations of physical quantities as modules or
code devices, without loss of generality.

However, all of these and similar terms are to be associated
with the appropriate physical quantities and are merely con-
venient labels applied to these quantities. Unless specifically
stated otherwise as apparent from the following discussion, it
is appreciated that throughout the description, discussions
utilizing terms such as “processing” or “computing” or “cal-
culating” or “determining” or “displaying” or the like, referto
the action and processes of a computer system, or similar
electronic computing device, that manipulates and trans-
forms data represented as physical (electronic) quantities
within the computer system memories or registers or other
such information storage, transmission or display devices.

Certain aspects of the embodiments include process steps
and instructions described herein in the form of an algorithm.
The process steps and instructions of the embodiments may
be embodied in software, firmware or hardware, and when
embodied in software, may be downloaded to reside onand be
operated from different platforms used by a variety of oper-
ating systems.

In addition, the language used in the specification has been
principally selected for readability and instructional pur-
poses, and may not have been selected to delineate or circum-
scribe the inventive subject matter. Accordingly, the embodi-
ments are intended to be illustrative, but not limiting, of the
scope of the embodiments, which is set forth in the claims.

The embodiments also relate to an apparatus for perform-
ing the operations herein. This apparatus may be specially
constructed for the required purposes, or it may be a general-
purpose computer selectively activated or reconfigured by a
computer program stored in the computer. Such a computer
program may be stored in a non-transitory computer readable
storage medium, such as, but is not limited to, any type of disk
including floppy disks, optical disks, CD-ROMs, magnetic-
optical disks, read-only memories (ROMs), random access
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memories (RAMs), EPROMs, EEPROMs, magnetic or opti-
cal cards, application specific integrated circuits (ASICs), or
any type of media suitable for storing electronic instructions,
and each coupled to a computer system bus. Furthermore, the
computers referred to in the specification may include a
single processor or may be architectures employing multiple
processor designs for increased computing capability.

The algorithms and displays presented herein are not inher-
ently related to any particular computer or other apparatus.
Various general-purpose systems may also be used with pro-
grams in accordance with the teachings herein, or it may
prove convenient to construct more specialized apparatus to
perform the required method steps. The required structure for
a variety of these systems will appear from the description
below. In addition, the embodiments are not described with
reference to any particular programming language. It will be
appreciated that a variety of programming languages may be
used to implement the teachings of the embodiments, and any
references below to specific languages are provided for
enablement and best mode of the embodiments.

The present disclosure improves electric grid stabilization
by leveraging telematics capabilities on the grid and an Elec-
tric Vehicle (EV) to send a Demand Response (DR) signal to
the EV to offset grid load concerns. The grid load may be
caused by clustering of too many electricity consuming
devices. The DR signal may be based on real-time, historical,
and/or predictive models of electricity. The DR signal pro-
vides information on a sector or region subject to the grid load
concerns. By identifying EVs within the sector or region
using the EV location information, the DR signal may be
targeted.

In exemplary embodiments, the quantity of EVs that
should receive a charge interruption request may be deter-
mined. In exemplary embodiments, an EV user of the
selected/identified EVs may be identified. An identified EV
user may select or elect to comply with a charge interruption
or load reduction request generated by a tracking server per
the DR signal from the utility server.

Vehicles are mobile, and are adapted to charge at various
facilities that may not be owned or operated by the vehicle
user. By charging at public facilities, an entity other than the
user may make the decision on whether to comply with the
DR request. Without a reliable method to identify and com-
municate with the EV user, this decision may adversely affect
the needs of the EV user. As the quantity of EVs and public
charging increases, there is a need to more precisely control
the sending of the DR request signal by identifying EVs, their
quantity and locations of the EVs.

FIG. 1 is a block diagram of a vehicle communication
environment according to exemplary embodiments. FIG. 1
illustrates a vehicle communication environment 100 includ-
ing an electric vehicle (EV) 102, a tracking server 112, and a
utility server 114. The tracking server 112 may be connected
by a wireless communication network 116.

The wireless communication network 116 may be propri-
etary and accessible only to a trusted entity, such as, an
Original Equipment Manufacturer (OEM). In some embodi-
ments the wireless communication network 116 may share a
physical medium with other networks also utilizing the physi-
cal medium. The tracking server 112 may be connected to the
utility server 114 by a network other than the wireless com-
munication network 116. In exemplary embodiments, the
wireless communication network 116 may be shared but pro-
vide a trusted communication path between the tracking
server 112 and the charging system 104. In exemplary
embodiments, the wireless communication network 116 may
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include a satellite-based communication network that con-
nects the charging system 104 of the electric vehicle 102 with
a tracking server 112.

The EV 102 includes an electric motor (not shown) for
propulsion of the vehicle 102. In exemplary embodiments,
the EV 102 may be propelled by one or more electric motors.
In exemplary embodiments, the EV 102 may be propelled by
one or more electric motors and another engine, for example,
an internal combustion engine or a plug-in hybrid electric
vehicle.

The one or more electric motors of the EV 102 may be
powered by rechargeable batteries (not shown) on-board the
vehicle 102. The on-board batteries may be charged when the
EV 102 is connected or coupled to the charging station 110. In
exemplary embodiments, the EV 102 may be connected to a
charging station 110 via a charging cable 118. In exemplary
embodiments, the EV 102 may be charged wirelessly, for
example, by disposing the EV 102 proximate or adjacent to
the charging station 110. The charging station 110 provides
electric energy to the EV 102, for example, by charging or
recharging the batteries of the EV 102. The electric energy
may be supplied to the charging station 110 by a utility
company through an electrical grid 120. In exemplary
embodiments, the charging station 110 may be connected to
the electrical grid 120 via an industry standard circuit, such
as, a 110/120 volt circuit, a 220/240 volt circuit, or a higher
voltage circuit. In exemplary embodiments, the charging sta-
tion 110 may be located at the home of the EV’s user. In
exemplary embodiments, the charging station 110 may be at
a public location, for example, a workplace, a shopping cen-
ter, a charging service, or the like. In exemplary embodi-
ments, the on-board batteries may be charged using regenera-
tive braking.

The charging system 104 manages the charging of the EV
102. The charging system 104 includes a telematics-naviga-
tion device 106 and a control unit 108. The telematics-navi-
gation device 106 may exchange information with users of
the telematics-navigation device 106 and entities connected
to the wireless communication network 116. The telematics-
navigation device 106 may receive charging instructions from
a user when the EV 102 is connected to a charging station.
When the EV 102 is being charged, the telematics-navigation
device 106 may provide charging information to the tracking
server 112. The telematics-navigation device 106 may receive
charging instructions from the tracking server 112 when the
EV 102 is connected to a charging station. In exemplary
embodiments, the telematics-navigation device 106 may
receive instructions from the tracking server 112 when the EV
102 is connected to a charging station, for example, a charge
interruption signal, a charge resume signal, a charge interrup-
tion forecast signal, a charge resume forecast signal, or the
like.

The control unit 108 controls the charging of the EV 102.
Charging the EV 102 includes the charging of the EV’s
rechargeable batteries. When the EV 102 is connected to a
charging station, the control unit 108 determines a strategy
for charging the EV 102 based on a charging mode selected by
a user. The control unit 108 charges the EV according to the
determined strategy. In exemplary embodiments, the control
unit 108 may charge the EV according to instructions from
the tracking server 112 when the EV 102 is connected to a
charging station. The instructions may include a charge inter-
ruption signal, a charge resume signal, a charge interruption
forecast signal, a charge resume forecast signal, or the like.
The control unit 108 may integrate the strategy specified by
the user with the charge interruption signal from the tracking
server 112.
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In exemplary embodiments, a user may select an “eco-
nomic” charging mode. In the economic mode, the control
unit 108 may initiate the charging of the EV 102 by allowing
electric energy to flow to the EV 102 from the charging
station. The control unit 108 may initiate the charging regard-
less of the current cost of electric energy. The control unit 108
may allow the EV 102 to charge until the state of charge of the
EV 102 reaches a minimum state of charge. As used herein,
the term “state of charge” refers to the amount of electric
charge/energy stored in the EV’s batteries. Once the mini-
mum state of charge is reached, the control unit 108 halts the
charging ofthe EV 102 by stopping the flow of electric energy
from the charging station to the EV 102. The control unit 108
may reinitiate the charging of the EV 102 when the cost of
electric energy is economical, such as, during oft-peak times.
As an example of integrating the user selected strategy with a
charge interruption signal from the tracking server 112, the
control unit 108 may delay complying with the charge inter-
ruption signal until the EV 102 has attained a minimum state
of charge.

The minimum state of charge may be determined by the
user or may be determined by the control unit 108 based, for
example, on a usage pattern. The minimum state of charge is
typically enough energy to allow a driver to use the vehicle in
case of'an emergency or to run an errand and return home. The
minimum state of charge may be enough, for example, to go
to a nearby grocery store or hospital and return home.

The tracking server 112 helps reduce electric consumption
in different sectors. A sector is an area of land that may
include EVs, homes, businesses, and other entities that con-
sume electric energy from an electrical grid. In exemplary
embodiments, a utility company divides a city into sectors
and provides geographic coordinates of each sector to the
tracking server 112 and as well as an identifier for each sector.
In exemplary embodiments, one or more cities form a sector.
When electric energy consumption in a sector exceeds an
electric supply in the sector, the electric grid in the sector
destabilizes. The tracking server 112 helps avoid grid desta-
bilization by stopping a charging of an EV in the sector in
response to a Demand Response (DR) signal sent to the
tracking server 112 by the utility serer 114. In exemplary
embodiments, the tracking server 112 uses the consumption
reduction information received with the DR signal. The con-
sumption reduction information is used to identify EVs
charging in the sector, for example, by determining which
currently charging EVs are within the area defining the sector
identified in the DR signal. When the location of the EV 102
is within the sector specified by the consumption reduction
information included in the DR signal, the tracking server 112
may initiate or transmit a charge interruption signal to the
identified EV.

When the EV 102 is connected to the charging station 110,
the EV 102 transmits to the tracking server 112 charging
information including its state of charge. Based on the charg-
ing information, the tracking server 112 determines or maps
the present location of the EV a sector of the utility or electric
grid. The tracking server 112 monitors the EVs connected to
the electrical grid. The tracking server 112 may monitor the
total electric energy consumption by the electric vehicles
currently charging. The tracking server 112 may monitor the
total energy consumption of the electrical vehicles by sector.

The tracking server 112 may receive a DR signal from a
utility server 114. When the DR signal is received from the
utility server 114, the tracking server 112 determines a strat-
egy to reduce electricity cut consumption in the desired sector
by stopping or delaying the charging of one or more of the
EVs in the sector. Based on the determined strategy, the
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tracking server 112 transmits charge interruption instructions
to EVs charging in the sector. An EV receiving the instruc-
tions charges according to the instructions instead of continu-
ing to charge according to a strategy determined by the EV. In
exemplary embodiments, the strategy includes obtaining the
electric vehicles users consent prior to stopping or delaying
the charging of the electric vehicle associated with the user.
The strategy may be, for example, for the EV to charge to or
above a minimum SOC, to charge outside a time window for
which a DR signal has been received, or to stop charging the
electric vehicle immediately. In exemplary embodiments, the
EV may be charged to a minimum safe SOC for the EV, where
the minimum safe SOC for the EV is less than or equal to the
minimum SOC level set by a user.

In exemplary embodiments, the tracking server 112 may
receive information for and control the charging of EVs
whose users have enrolled in such a program. Under the
program, the tracking server 112 is allowed to control the
charging of the EVs, when necessary. In return for allowing
the charging of the EV 102 to be interrupted by a request on
behalf of the utility, the user may receive a discounted elec-
tricity rate.

In exemplary embodiments, the tracking server 112 is
maintained by a trusted entity, such as, a car manufacturer. In
one embodiment, the tracking server 112 only receives infor-
mation and controls the charging of EVs produced by the car
manufacturer. In exemplary embodiments, the car manufac-
turer is Honda Motor Company. A benefit of the car manu-
facturer maintaining the tracking server 112 is that the infor-
mation received from EVs may be confidentially maintained
and that information is not provided to other entities, such as,
a utility company. The tracking server 112 may maintain a
user database associating an electric vehicle to a user. The
association may map a user to an electric vehicle in a one-to-
one, one-to-many, or many-to-many relationship. A user
associated with the electric vehicle may receive and consent
to the charge interruption in response to a charge interruption
request from the tracking server 112. The charge interruption
request from the tracking server 112 may be generated in
response to a DR signal from the utility server 114.

In exemplary embodiments, the tracking server 112 may
communicate with the vehicle user’s mobile device 122. The
user database may include device information to connect to
the mobile device 122. The device information may include a
mobile telephone number, an email address, and the like to
communicate with the vehicle user. In exemplary embodi-
ments, the mobile device 122 may include an application to
communicate with the trusted server 112. The mobile device
122 may receive a charge interruption request from the track-
ing server 112. The mobile device 122 may transmit a charge
interruption response to the tracking server 112. The charge
interruption response may approve or disapprove the charge
interruption request.

The utility server 114 provides information about electric
energy to different entities, such as, the tracking server 112,
the charging station 110, the EV 102. In exemplary embodi-
ments, information transmitted by the utility server 114 to the
tracking server 112 includes a DR signal. Utilities employ a
demand response to reduce the charge lower in exchange for
reduced electricity rates. When the utility detects or projects
an overload situation, a utility may request for volunteers to
reduce their electricity usage. Vehicles are unique as they
consume large amounts of electricity (a large electrical load)
and are mobile. As such, if the EV 102 has moved to a sector
where electric consumption need not be reduced, a DR signal
from the utility may incorrectly interrupt charging of the EV
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102. This may unnecessarily inconvenience the EV user and
unnecessarily reduce the utility’s revenue.

The DR signal may include consumption reduction infor-
mation. The consumption reduction information may identify
time periods when the electric consumption needs to be
reduced. The consumption reduction information may iden-
tify sectors for which the electric consumption is to be
reduced. The consumption reduction information may iden-
tify future time periods for which electric consumption is to
be reduced in particular sectors. The consumption reduction
information may identify the quantity of electricity by which
the consumption needs to be reduced.

In exemplary embodiments, information transmitted to the
EV 102 or charging station 110 includes cost information for
the electric energy. In exemplary embodiments, the cost infor-
mation is Time of Use (TOU) rates where the rates for electric
energy vary based on time, day, month, and/or season. For
example, the cost information for electric energy during sum-
mer months may be $0.14 per KWh during peak hours (e.g.,
12PMto 7 PM), $0.07 per KWh during part-peak hours (e.g.,
10 AM to 12 PM and 7 PM to 10 PM), and $0.03 per KWh
during non-peak hours (e.g., 12:00 AM to 10 AM and 10 PM
to 11:59 PM).

In exemplary embodiments, the utility company may offer
special rates to the user of the EV 102 for allowing the
tracking server 112 to control the EV’s charging. Therefore,
in one embodiment, the tracking server 112 responds to the
DR signal from the utility server 114 with identifying infor-
mation of the EV 102 (e.g., vehicle identification number
(VIN) of the EV 102) that reduces electricity consumption in
response to the DR signal. In exemplary embodiments, the
information includes identifying information of the EV user
(e.g., user’s name, address or utility account number).

In exemplary embodiments, the utility server 114 transmits
requests to the tracking server 112 for reducing electricity
consumption in a sector. For the sector, the tracking server
112 transmits to the utility server 114 the current total electric
energy consumption in the sector by the electric vehicles. The
electric vehicles may be charging at charging stations, homes,
and businesses. In exemplary embodiments, the tracking
server 112 transmits information on the total electric energy
consumption by EVs in a sector to the utility server 114.

In exemplary embodiments, the utility server 114 is main-
tained by a utility company. In exemplary embodiments, the
utility server 114 is maintained by a third-party that obtains
information from one or more utility companies.

The wireless communication network 116 represents a
communication pathway between the EV 102 and the track-
ing server 112. In exemplary embodiments, the wireless com-
munication network 116 is a satellite-based network includ-
ing a base station, controller, and a core network including
multiple switching entities and gateways. In exemplary
embodiments, the wireless communication network 116 is a
Wireless Local Area Network (WL AN) that provides wire-
less communication over a large geographic area, such as, a
city, county, a state, a country or the like.

FIG. 2 illustrates a telematics-navigation device according
to exemplary embodiments. A telematics-navigation device
106 includes a processor 202, an input device 204, an output
device 206, a transceiver device 208, a position detection
device 210, and a memory 212.

The processor 202 processes data signals and includes
various computing architectures including a complex instruc-
tion set computer (CISC) architecture, a reduced instruction
set computer (RISC) architecture, or an architecture imple-
menting a combination of instruction sets. Although only a
single processor is illustrated in FIG. 2, multiple processors
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may be included. The processor 202 includes an arithmetic
logic unit, a microprocessor, a general purpose computer, or
some other information appliance equipped to transmit,
receive and process electronic data signals from the memory
212, the input device 204, the output device 206, the trans-
ceiver device 208, or the position detection device 210.

The input device 204 is configured and arranged to provide
user input to the telematics-navigation device 106. An exem-
plary input device 204 may include a cursor controller, a
keyboard, a touchscreen device, a microphone, a haptic feed-
back device, or the like. In exemplary embodiments, the input
device 204 may include an alphanumeric input device, such
as, a QWERTY keyboard, a key pad or representations of
such created on a touch screen, configured and arranged to
communicate information and/or command selections to pro-
cessor 202 or memory 212. In exemplary embodiments, the
input device 204 may include a user input device to commu-
nicate positional data and/or command selections to proces-
sor 202. The input device 204 may include a joystick, a
mouse, a trackball, a stylus, a pen, a touch screen, cursor
direction keys or the like to cause movement adjustment of an
image.

The output device 206 includes a device configured and
arranged to display electronic images and data as described
herein. Output device 206 may include, for example, an
organic light emitting diode display (OLED), liquid crystal
display (LCD), cathode ray tube (CRT) display, or the like. In
exemplary embodiments, output device 206 may include a
touch-sensitive touch screen including a transparent panel
cover disposed over or integrated with the screen of output
device 206. In exemplary embodiments, the output device
206 includes a speaker that outputs audio as described herein.

The transceiver device 208 includes a device configured
and arranged to communicate with entities connected to the
wireless communication network 116. In exemplary embodi-
ments, the telematics-navigation device 106 uses the trans-
ceiver device 208 to communicate with remote systems or
devices, such as, the tracking server 112 and the utility server
114.

The position detection device 210 includes a device con-
figured and arranged to communicate with a positioning sat-
ellite (e.g., global positioning system (GPS) satellites) to
determine a geographical location of the EV 102. In exem-
plary embodiments, the position detection device 210
searches for and collects GPS information or signals from
three, four or more GPS satellites to determine the location of
the EV 102. Using the time interval between the broadcast
time and reception time of each signal, the position detection
device 210 may calculate the distance between the EV 102
and each of the GPS satellites. These distance measurements,
along with the position and time information received in the
signals, allow the position detection device 210 to calculate or
determine the geographical location and/or attitude of the EV
102. The geographical location and/or attitude of the EV 102
may be provided to the tracking server 112.

The memory 212 stores instructions and/or data that may
be executed by processor 202. The instructions and/or data
may code for performing any and/or all of the techniques
described herein. Memory 212 may be a Dynamic Random
Access Memory (DRAM) device, a Static Random Access
Memory (SRAM) device, Flash RAM (non-volatile storage),
combinations of the above, or the like. The memory 212 may
store an interface module 214, an energy module 216, a
directions module 218, and a range module 422. The modules
may communicate with the processor 202, the input device
204, the output device 206, the transceiver 208, and/or the
position detection device 210.
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The interface module 214 communicates with users of the
telematics-navigation device 106. The interface module 214
receives from auser (e.g., a driver or passenger of the EV 102)
a selection of a mode for charging the EV 102 when the EV
102 is connected to a charging station. In exemplary embodi-
ments, a user may select a charging mode including a con-
sumption reduction, load shedding mode or Demand
Response (DR) mode.

In exemplary embodiments, the DR mode may include
specifying a minimum State of Charge (SOC) for the EV 102
before the EV 102 stops charging in response to a DR signal
from the tracking server 112. In exemplary embodiments, the
DR mode may include contacting a user of the EV 102 and
receiving an approval from the user, before interrupting the
charging of the EV 102 in response to a DR signal from the
tracking server 112. In exemplary embodiments, the approval
from the user may select a minimum SOC for the EV 102,
before interrupting the charging of the EV 102 in response to
a charge interruption signal from the tracking server 112.

In exemplary embodiments, the minimum SOC may be set
by the manufacturer of the EV 102 (e.g., 10 percent, 20
percent, enough to drive for 10 miles, 20 miles, 30 miles, 60
miles etc.). In exemplary embodiments, a user provides or
sets the minimum state of charge with the interface module
214.In DR mode, the EV 102 may charge to a maximum SOC
greater than a minimum SOC when no charge interruption
signal is received from the tracking server 112 during the
charging to the maximum SOC. In exemplary embodiments,
in DR mode the EV 102 may charge to the minimum SOC,
stop charging for the time period requested in the DR signal
when a DR signal is received from the tracking server, and
resume charging after the end time period in the DR signal has
passed. In exemplary embodiments, the EV 102 may resume
charging before the end time specified in the DR signal when
the EV’s SOC is less than the minimum SOC. In exemplary
embodiments, the EV 102 may resume charging when the
electric energy is economical and a charge interruption signal
is being processed during a time period when electricity is
economical. In exemplary embodiments, electricity is eco-
nomical when the cost of energy is below peak hour cost (e.g.,
cost during part-peak and off-peak hours). Peak hours are
when there is the highest demand for electric energy on an
electrical grid. In exemplary embodiments, economical is the
cost of energy during off-peak hours. In exemplary embodi-
ments, a user provides or sets the interface module 214 with a
price range for what is considered economical.

Inexemplary embodiments, the interface module 214 com-
municates with a user via the input device 204 and output
device 206. In exemplary embodiments, the interface module
214 may communicate with a user via a mobile device 122 of
the user. For example, the mobile device 122 may include an
application that allows the user to select the charge mode and
provide settings for each mode. The mobile device transmits
to the interface module 214 the user’s selections and settings.
In exemplary embodiments, the EV 102 transmits the user’s
selections and settings to the tracking server 112.

The energy module 216 obtains information on electric
energy from the utility server 114 or the tracking server 112.
In exemplary embodiments, the information that the energy
module 216 obtains from the utility server 114 includes cost
information for electric energy, times when electric energy is
generated using a renewable energy source, information on
the total electric energy consumption of one or more sectors,
or information on the total electric energy storage capacity of
one or more sectors. In exemplary embodiments, the cost
information obtained by the energy module includes current
time of use rates for electric energy.
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In exemplary embodiments, the energy module 216 peri-
odically requests electric energy information from the utility
server 114. For example, information may be requested every
day, once a month, or once per calendar season. In exemplary
embodiments, the energy module 216 requests electric
energy information from the utility server 114 every time the
EV 102 is connected to a charging station. When the energy
module 216 receives electric energy information from the
utility server 114, the energy module 216 may provide the
information to the control unit 108.

The directions module 218 provides a user of the EV 102
with driving directions to a destination. When a request is
received from a user for directions to a destination, the direc-
tions module 218 obtains the current geographic location of
the EV 102 from the position detection module 210. The
directions module 218 uses one or more maps stored in a map
database 420 to identify routes from the current location of
the EV 102 to the destination.

The range module 422 determines the driving range of the
EV 102. The range of the EV 102 includes the distance that
the EV 102 may travel before it no longer has energy to travel.

FIG. 3 illustrates a control unit 108 according to exemplary
embodiments. The control unit 108 includes a processor 302
and a memory 304. In exemplary embodiments, the processor
302 and memory 304 may be functionally equivalent to the
processor 202 and memory 212 of the telematics-navigation
device 106. The memory 304 may include an information
module 306, a charging module 308, and a notification mod-
ule 310.

The information module 306 provides charging informa-
tion to the tracking server 112. In exemplary embodiments,
when the EV 102 is connected to a charging station and
charging, the information module 306 periodically (e.g.,
every 15 minutes) transmits charging information to the
tracking server 102. In exemplary embodiments, the informa-
tion module 306 transmits charging information to the track-
ing server 112 when the EV 102 starts charging and when the
charging stops. The charging information transmitted to the
tracking server 112 by the information module 306 includes
one or more of the following: the current time, time when
charging started, time when charging stopped, the current
geographic location of the EV 102, a VIN of the EV 102,
information about an EV user (e.g., user’s identifier, name,
address), information about the charging station (e.g., voltage
at the charging station), the current flow, the current state of
charge of the EV 102, combination thereof, and the like.

Charging module 308 manages the charging ofthe EV 102.
When the EV 102 is connected to a charging station for
charging, the charging module 308 determines a strategy for
charging the EV 102 based at least on a charging mode
selected by a user through the telematics-navigation device
106.

If DR charging mode was selected, the strategy determined
by the charging module 308 for charging the EV 102 includes
the charging module 308 may interrupt charging of the EV
102. In exemplary embodiments, the charging module 308
may determine whether the current state of charge of the EV
102 is less than a minimum state of charge. If the current state
of charge is below the minimum state of charge, the charging
module 308 may deny or disapprove the interruption of the
charging of the EV 102 regardless of the current cost of
electric energy or a charge interruption signal from the track-
ing server 112. The disapproval by the charging module 308
may be based on user settings.

In exemplary embodiments, if the charging module 308
receives charging instructions from the tracking server 112,
instead of charging according to the strategy determined by
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the charging module 308, the charging module 308 charges
the EV 102 according to the instructions received from the
tracking server 112. In other words, the instructions received
from the tracking server 112 may override the strategy deter-
mined by the charging module 308 for charging the EV 102.

The notification module 310 transmits messages to a user
of'the EV 102. In exemplary embodiments, when the charg-
ing module 308 receives instructions for charging the EV 102
from the tracking server 112, the notification module 310
sends a message with information as to how the EV 102 will
be charged according to the instructions. For example, if
instructions received from the tracking server 112 indicate to
interrupt or delay charging for two hours, the notification
module 310 sends a message to the user that states that charg-
ing of the EV 102 will be interrupted for two hours. Based on
information received from the tracking server 112, the noti-
fication module 310 may include an explanation of why the
EV 102 is being charged in the message according to instruc-
tions from the tracking server 112. For example, the explana-
tion may be that the electric consumption in the sector is too
high and the charging will resume after the time period
requested in the DR signal has elapsed. In exemplary embodi-
ments, the notification module 310 transmits messages to the
user of the vehicle when one or more of the following occurs:
when the charging module 308 initiates the charging of the
EV 102, when charging of the EV is stopped, when charging
of'the EV is interrupted, when charging of the EV is resumed
after an interruption, when the EV 102 has reached full
charge, or the like.

In exemplary embodiments, messages are transmitted by
the notification module 310 to the user’s mobile device as
short message service (SMS) messages or multimedia mes-
saging service (MMS) messages. In exemplary embodi-
ments, messages are transmitted by notification module 310
to the user’s mobile device and appear on the mobile device as
part of a mobile application that provides information about
the EV 102. In exemplary embodiments, messages are trans-
mitted to the user’s email address as emails.

FIG. 4 illustrates a tracking server according to exemplary
embodiments. The tracker server 114 includes a processor
402 and a memory 404. In exemplary embodiments, the pro-
cessor 402 and memory 404 are functionally equivalent to the
processor 202 and memory 212 of the telematics-navigation
device 106. The memory 404 stores a vehicle module 406, an
energy consumption module 408, and a strategy module 410.

The vehicle module 406 tracks EVs charging in different
sectors. The vehicle module 406 maintains a list of EVs
charging in each sector. When an EV transmits charging
information indicating that the EV is charging, the vehicle
module 406 identifies from the charging information a cur-
rent geographical location of the EV. The vehicle module 406
determines or identifies a sector, per the utility, associated
with the EV’s geographical location. The determination may
be performed by mapping the geographical location of the EV
to sectors as defined by the utility. The vehicle module 406
determines whether the EV is included in the list of EVs
charging in each sector. If the EV is not included in the list, the
vehicle module 406 adds the EV to the list (e.g., the VIN of the
EV)under the identified sector along with charging informa-
tion received. If the EV is already included in the list, the
vehicle module 406 updates charging information included in
the list for the EV based on the last information received. For
example, if the current state of charge of the EV is 70% and
the list indicates that it is 30%, the vehicle module 406 will
update the list to indicate that it is 70%. Here, the listis merely
an exemplary structure and other structures well known in the
art may be substituted.
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When an EV transmits charging information that indicates
that the charging of the EV has stopped, the vehicle module
406 identifies the sector associated with the EV’s current
location. The vehicle module 406 removes the EV under the
identified sector from the list.

The energy consumption module 408 tracks electric
energy consumption by electric vehicles for sectors and pro-
cesses DR signals from the utility server 114. In exemplary
embodiments, the energy consumption module 408 receives
and processes a DR signal including consumption reduction
information from the utility server 114. The DR signal may
specify the energy consumption reduction amount. The DR
signal may specify a time period in which energy consump-
tion should be reduced. The time period may specify a start
time of the energy consumption reduction period to be imme-
diate or sometime in the future. The future time period may
begin within an hour, within three hours, within six hours,
within 12 hours, within a day, within a week, or the like. The
time period may specify an end time of the energy consump-
tion reduction period.

The strategy module 410, when necessary, controls the
charging of EVs to reduce the electricity consumption for
sectors. When the total electric energy storage consumption
of a sector needs to be reduced, for example, to comply with
a DR signal from a utility server 114, the strategy module 410
obtains, for example, from the vehicle module 406, informa-
tion on EVs charging in the sector. The strategy module 410
determines a strategy for identifying the EVs in the sector in
a way that will reduce consumption of electric energy in the
EVs in the sector. The strategy module 410 may determine a
count for the number of electric vehicles that should interrupt
their respective charging to reduce energy consumption in the
sector specified by the consumption reduction information.
The electric vehicle count may be used to identify one or more
electric vehicles currently charging in the sector. In exem-
plary embodiments, when the DR signal specifies a future
time period the strategy module 410 may identify vehicles
that historically charge in the sector at the specified future
time period. The tracking server 112 may transmit a DR
signal to each of the identified EVs to interrupt the charging of
the identified EVs. The tracking server 112 may transmit a
charge interruption message to users of the identified EVs.

In exemplary embodiments, the strategy determined by the
strategy module 410 reduces the rate at which electricity
consumption is being shed in the sector by their respective
charging stations. In exemplary embodiments, the strategy
staggers the charge interruption of the EVs in the sector so
that the EVs stay above the minimum SOC set for the EV.
Under this embodiment, the strategy consists of the strategy
module 410 determining a charge interruption schedule for
each EV in the sector that is charging. The schedule indicates
when the charging of the EV is to be interrupted and for how
long. In exemplary embodiments, the EVs with higher range
of operational windows of charge get the later charging times
and are requested interrupt charging for longer periods,
whereas the EVs that with smaller or narrower operational
windows of charge get the earlier times. In exemplary
embodiments, a strategy determined by the strategy module
410 is to stop charging of all the EV’s in the sector.

The strategy module 410 transmits instructions for charge
interruption to the appropriate EVs in the sector based on the
determined strategy. The instructions describe to an EV how
the EV charging should be interrupted. The transmitted
instructions allow the EVs to execute the strategy determined
by the strategy module 410. In exemplary embodiments, the
strategy module 410 transmits with the instructions informa-
tion as to why the strategy is being put into effect (e.g.,
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because current electric energy consumption is greater than
current electric generation availability).

The vehicle may have a minimum SOC that may be deter-
mined by the vehicle, the vehicle user, the aggregator, or a
combination. The EV may have a maximum level of SOC, for
example, 100%, 95%, 90%, or the like. The maximum level of
SOC 204 of an EV may be determined by the vehicle, the
vehicle user, the aggregator, or a combination.

A notification module 412 transmits messages to a user of
the EV 102. In exemplary embodiments, when the energy
consumption module 408 identifies the EV 102 from the
tracking server 112, the notification module 412 sends a mes-
sage with information as to how charging of the EV 102 will
be interrupted according to the instructions. For example, if
instructions received from the tracking server 112 indicate to
interrupt charging for two hours, the notification module 412
sends a message to the user that states that charging of the EV
102 will be delayed by two hours. Based on information
received from the tracking server 112, the notification module
412 additionally includes in the message an explanation of
why the EV 102 is being charged according to instructions
from the tracking server 112. For example, the explanation
may be that the electric consumption in the sector is too high
and the charging will resume after the time period requested
in the DR signal has elapsed. In exemplary embodiments, the
notification module 412 transmits messages to the user when
one or more of the following occurs: when the charging
module 308 initiates the charging of'the EV 102, when charg-
ing of the EV is stopped, and when the EV 102 has reached
full charge. In exemplary embodiments, the notification mod-
ule 412 may receive an approval/disapproval response from a
user of the EV 102. The notification module 412 may forward
the response to the energy consumption module 408, which
may interrupt charging of the EV based on the approval/
disapproval response.

In exemplary embodiments, messages are transmitted by
the notification module 412 to the user’s mobile device as
short message service (SMS) messages or multimedia mes-
saging service (MMS) messages. In exemplary embodi-
ments, messages are transmitted by notification module 412
to the user’s mobile device and appear on the mobile device as
part of a mobile application that provides information about
the EV 102. In exemplary embodiments, messages are trans-
mitted to the user’s email address as emails.

FIG. 5 is an exemplary illustration of a method for a track-
ing server 112 processing a Demand Response (DR) signal
for electric vehicles in accordance with one embodiment of
the present application. The tracking server 112 may be man-
aged or operated by a trusted entity. A method 500 may be
used to address excessive electricity consumption or load for
a sector. The method 500 may be used to reduce consumption
of electricity by vehicles in a sector. Method 500 may be
performed by the tracking server for charging the EV 102.

The method 500 may include storing or obtaining contact
information for an EV user at operation 502. The storing and
collecting of electric vehicle related information may be col-
lected by a trusted entity. The electric vehicle related infor-
mation may include, for example, a vehicle’s location, one or
more authorized users of the EV 102, historical usage, pre-
dicted use, charging data for the vehicle, or the like.

In exemplary embodiments, the trusted entity may be an
Original Equipment Manufacturer (OEM). In exemplary
embodiments, the trusted entity may be Honda Motor Com-
pany or a subsidiary thereof. In exemplary embodiments, the
trusted entity may include a joint venture of automobile
manufacturers. A sale or license to use an electric vehicle may
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be conditioned on an electric vehicle user allowing electric
vehicle related information to be transmitted to the trusted
entity.

The method 500 may include storing or obtaining location
information for electric vehicle while it is charging or travel-
ing at operation 504. When an EV is connected to a charging
station and the charging of an EV is initiated using a charging
method 500, identifying information for the electric vehicle is
transmitted to and received by the tracking server 112, for
example, to update the location information of the electric
vehicle at operation 504. The identifying information of the
electric energy may include a SOC of the EV 102, a minimum
SOC level for the EV 102, a maximum SOC level for the EV
102, an operational window, a threshold, a utility rate, a
predicted use of the EV 102, electricity supply information,
electricity demand information, information for electric
energy supplied to the charging station and the like. The
identifying information of the electric energy may be pro-
vided by the EV 102. In exemplary embodiments, one or
more parameters included in the identifying information of
the electric energy may be supplied by a grid operator, for
example, by the utility server 114. In exemplary embodi-
ments, one or more parameters included in the identifying
information of the electric energy may be supplied be an
aggregator, in other words, a commercial charging station
used to energize multiple electric vehicles at one time.

The minimum level of SOC may be set be to range between
20% of a vehicle maximum capacity charge level to 90% of,
for example, 20% or greater, 25% or greater, 30% or greater,
35% or greater, 40% or greater, 45% or greater, 45% or
greater, 50% or greater, 55% or greater, 40% or greater, 65%
or greater, 70% or greater, 75% or greater, 80% or greater,
85% or greater, or the like.

The maximum level of SOC may be set be to range between
50% of a vehicle maximum capacity charge level to 90% of a
vehicle maximum capacity charge level, for example, 50% or
greater, 55% or greater, 40% or greater, 65% or greater, 70%
or greater, 75% or greater, 80% or greater, 85% or greater,
90% or greater, 95% or greater, or the like.

In exemplary embodiments, when the monitoring deter-
mines that the EV has been charged to a minimum state of
charge, the electric vehicle may update the tracking server
112 with the updated SOC.

The method 500 may include detecting, determining, pre-
dicting or forecasting an excessive load condition for a sector
at operation 506. The excessive electricity consumption may
be real-time, be predicted, be imminent or be for a time
period. For example, the utility may detect an overload con-
dition on the electrical grid for a particular sector. In exem-
plary embodiments, a utility may predict or forecast brown-
out conditions based on a weather forecast, historical data or
the like. In exemplary embodiments, a utility may forecast a
brownout because an electricity generation plant may be
scheduled for maintenance, be under repair or the like.

In exemplary embodiments, the method 500 may include
the utility issuing or transmitting a demand response (DR)
signal to a trusted entity at operation 508. The DR signal may
include consumption reduction information. The consump-
tion reduction information may include sector information,
an electricity consumption reduction amount, time period
information, an incentive to stop charging of an electric
vehicle, and the like.

The method 500 may include identifying electric vehicles
in the sector at operation 510. For example, the tracking
server 112, per method 500, may map the sector information
into an area grid and determine what electric vehicles are
currently charging in the area specified by the sector infor-
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mation. For example, the tracking server 112, per method
500, may determine a count for the number of electric
vehicles that need to stop charging in order to comply with the
DR signal. When the count is less than the number of vehicles
charging in the sector, the tracking server 112, per method
500, may only signal the number of electric vehicles needed
to comply with the DR signal. In exemplary embodiments,
the tracking server 112, per method 500, may supplement the
number of electric vehicles by a percentage. The percentage
may compensate for how many electric vehicles are expected
not to comply with the DR signal request. The percentage
may be based on historical data, anecdotal data or a constant.

In exemplary embodiments, the method 500 may include
culling or unidentifying one or more of the identified electric
vehicles prior to sending a charge interruption signal to the
identified electric vehicles. For example, at operation 512 the
tracking server 112, per method 500, may unidentify one of
the identified electric vehicles when a state of charge of the
electric vehicle is less than a minimum state of charge. In
exemplary embodiments, the tracking server 112 may uni-
dentify one of the identified electric vehicles when historical
data for the respective electric vehicle indicates that the use of
the respective vehicle is imminent to the time period specified
in the DR signal from the utility.

In exemplary embodiments, the method 500 may include
sending a charge interruption request to a user of the identi-
fied electric vehicles at operation 516. A user may include one
or more operators of a vehicle, a vehicle driver, an owner of a
vehicle, the person assigned to manage the vehicle like a
dispatcher, or the like. The charge interruption request to the
user may request a response within a specified period.

The method 500 may include an electric vehicle user
approving or disapproving the charge interruption request
within a desired response time period, at operation 518. The
approval or disapproval of the user may be transmitted to or
received by the tracking server 112, per method 500. The
response of the user approving or disapproving the charge
interruption may be recorded by the tracking server 112. In
exemplary embodiments, when the user disapproves the
charge interruption request the tracking server 112, per
method 500, may unidentify the electric vehicle associated
with the user disapproving the charge interruption request at
operation 520.

The method 500 may include sending a charge interruption
signal to the identified electric vehicles in the sector at opera-
tion 522. At operation 522 the tracking server may send a
charge interruption signal to one, some or all electric vehicles
in the sector. At operation 524, the method 500 may include
receiving a response to the charge interruption signal from
one or more of the identified electric vehicles. The tracking
server 112, per method 500, may confirm charge interruption
of the electric vehicle associated with the response to the
charge interruption signal at operation 526.

At operation 528, the method 500 may include awarding an
incentive, revenue or credit to the user of the electric vehicle
complying with the charge interruption signal and reducing
consumption of electricity from the electric grid in response
to the charge interruption signal from the tracking server. The
revenue may be based on the duration of the charge interrup-
tion. The user revenue may be computed or received. The user
revenue may be recorded with the identifying information of
the electric vehicle user.

At operation 530, the method 500 may include penalizing
auser of the electric vehicle for not reducing consumption of
electricity from the electric grid in response to the charge
interruption signal from the tracking server. In exemplary
embodiments, at operation 532 per method 500, the tracking
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server 112, may stop electric consumption by the electric
vehicle even after an electric vehicle fails to comply with an
initial interruption request signal, for example, per a vehicle
user’s disapproval, failing to comply with the initial charge
interruption signal by the tracking server or the like.

The method 500 may include a vehicle user disapproving a
charge interruption request after a response period for the
interruption has passed or elapsed at operation 532. In
response, the tracking server 112 may send a resume charging
signal to the electric vehicle prior to the end time associated
with the DR signal elapsing.

The tracking server 112, per method 500, may transmit a
resume charging signal to the identified electric vehicles in
the sector after the end time of the DR signal has elapsed at
operation 536.

In exemplary embodiments, at operation 536 method 500
may include calculating or determining a resume charging
time to reinitiate the charging of the vehicle. The calculating
or determining may be, for example, based on a cancel charge
interruption request. The cancel charge interruption request
may be received from a system, a utility server, the end time
included in the consumption reduction information from the
utility, or the like.

The above-described embodiments according to the
present disclosure may be implemented in the form of a
program command that may be executed through various
constituent elements of a computer, and the program com-
mand may be recorded on a computer-readable recording
medium. The above-described computer-readable recording
medium may independently include a program command, a
data file, a data structure, or the like or may include a combi-
nation thereof. The program command recorded on the com-
puter-readable recording medium is designed and configured
especially for the present disclosure and may be known to
those skilled in the art in the field of computer software to be
usable. Examples of the computer-readable recording
medium include a magnetic medium such as a hard disk, a
floppy disk, or a magnetic tape, an optical recording medium
such as a CD-ROM or a DVD, a magneto-optical medium
such as a floptical disk, and a hardware device such as aROM,
a RAM, or a flash memory that is especially configured so as
to store and execute the program command. Examples of the
program command include not only a machine code that is
produced by a complier but also a high-level language code
that may be executed by a computer using an interpreter or the
like. The above-described hardware device may be config-
ured to operate as one or more software modules used for
performing the process according to the present disclosure,
and the program command may be implemented as one or
more hardware devices.

While the exemplary embodiments have been shown and
described, it will be understood by those skilled in the art that
various changes in form and details may be made thereto
without departing from the spirit and scope of the present
disclosure as defined by the appended claims.

In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the present
disclosure without departing from the essential scope thereof.
Therefore, it is intended that the present disclosure not be
limited to the particular exemplary embodiments disclosed as
the best mode contemplated for carrying out the present dis-
closure, but that the present disclosure will include all
embodiments falling within the scope of the appended claims.

What is claimed is:

1. A computer-implemented method for reducing electric
consumption by an electric vehicle connected to a charging
station, the method comprising:
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providing a wireless network for communication between
an electric vehicle and a tracking server operated by a
trusted entity;

collecting, on the tracking server, user and location infor-

mation for charging electric vehicles (EVs);

receiving, at the tracking server, a demand response signal

determined and transmitted by a utility using a predic-
tive model in response to at least predicting an excessive
load condition for a sector;

identifying, at the tracking server, electric vehicles charg-

ing in the sector based on each EV’s location informa-
tion and the demand response signal; and

transmitting, from the tracking server, a charge interrup-

tion signal to the identified electric vehicles in the sector
prior to an occurrence of the excessive load condition.

2. The method of claim 1, further comprising transmitting,
from the tracking server, a charge interruption message to a
user of each of the identified electric vehicles.

3. The method of claim 1, further comprising:

transmitting, from the tracking server, a charge interrup-

tion request to a user of each of the identified electric
vehicles;
receiving, at the tracking server, a disapproval of the charge
interruption request within a response period from the
user of one of the identified electric vehicles; and

unidentifying the one of the identified electric vehicles as
one of the identified electric vehicles.

4. The method of claim 1, further comprising:

transmitting, from the tracking server, a charge interrup-

tion request to a user of each of the identified electric
vehicles;

receiving, at the tracking server, a disapproval of the charge

interruption request after a response period from the user
of one of the identified electric vehicles; and

resuming the charging of the one of the identified electric

vehicles.

5. The method of claim 1, further comprising unidentifying
one of the identified electric vehicles when a State of Charge
(SOC) of the one of the identified electric vehicles is less than
a minimum SOC.

6. The method of claim 1, further comprising unidentifying
one of the identified electric vehicles when historical data
indicates usage of the one of the identified electric vehicles is
imminent.

7. The method of claim 1, further comprising confirming,
at the tracking server, a charge interruption of each of the
identified electric vehicles.

8. The method of claim 7, further comprising awarding an
incentive or credit to each of the identified electric vehicles
confirming charge interruption.

9. The method of claim 1, wherein the transmitting of the
charge interruption signal is initiated prior to a charge inter-
ruption start time specified in the time period information.

10. The method of claim 1, further comprising transmitting
a charge resumption signal after a charge interruption end
time specified in the time period information.

11. A vehicle system for reducing electric consumption by
an electric vehicle connected to a charging station, the system
comprising:

a tracking server operated by a trusted entity; and

a wireless network for communicating between an electric

vehicle and the tracking server,

wherein the tracking server is configured to

collect user and location information for charging elec-
tric vehicles (EVs);
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receive a demand response signal determined and trans-
mitted by a utility using a predictive model in
response to predicting an excessive load condition for
a sector;

identify electric vehicles charging in the sector based on
each EV’s location information and the demand
response signal; and

transmit a charge interruption signal to the identified
electric vehicles in the sector prior to an occurrence of
the excessive load condition.

12. The system of claim 11, wherein the tracking server is
further configured to transmit a charge interruption message
to a user of each of the identified electric vehicles.

13. The system of claim 11, wherein the tracking server is
further configured to

transmit a charge interruption request to a user of each of

the identified electric vehicles;

receive a disapproval of the charge interruption request

within a response period from the user of one of the
identified electric vehicles; and

unidentify the one of the identified electric vehicles as one

of the identified electric vehicles.

14. The system of claim 11, wherein the tracking server is
further configured to

transmit a charge interruption request to a user of each of

the identified electric vehicles;

receive a disapproval of the charge interruption request

after a response period from the user of one of the iden-
tified electric vehicles; and
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resume the charging of the one of the identified electric
vehicles.

15. The system of claim 11, wherein the tracking server is
further configured to unidentify one of the identified electric
vehicles when a State of Charge (SOC) of the one of the
identified electric vehicles is less than a minimum SOC.

16. The system of claim 11, wherein the tracking server is
further configured to unidentify one of the identified electric
vehicles when historical data indicates usage of the one of the
identified electric vehicles is imminent.

17. The system of claim 11, wherein the tracking server is
further configured to confirm charge interruption of each of
the identified electric vehicles.

18. The system of claim 17, wherein the tracking server is
further configured to award an incentive or credit to each of
the identified electric vehicles confirming charge interrup-
tion.

19. The system of claim 17, wherein the tracking server is
further configured to transmit the charge interruption signal
prior to a charge interruption start time specified in the time
period information.

20. The system of claim 11, wherein the tracking server is
further configured to transmit a charge resumption signal
after a charge interruption end time specified in the time
period information.



